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Phylogeny of the renal effects of angiotensin
HIR0FuMI SOKABE
Department of Pharmacology, Toho University School of Medicine, Tokyo, Japan
The phylogenetic approach in studying hormonal
actions on the kidney is important for the following
reasons among others: 1) phylogenetic study of renal
function has proved illuminating in the past; 2) neph-
ron structures and functions are simpler in some non-
mammalian vertebrates, and it may be easier to
analyze hormonal actions on the kidney in these
animals; 3) endocrine systems are different among
various vertebrates, and their roles may be elucidated
through comparison; 4) evolution of hormonal func-
tion has occurred, and to pursue it may be useful in
determining the character of hormonal action, espe-
cially in higher vertebrates; and 5) vertebrates live in a
wide variety of external environments, while the in-
ternal environment is usually kept in a narrow range.
Since the kidney is a key organ for homeostasis of the
internal environment, comparison of hormonal reg-
ulations of renal functions under various conditions
may be instructive.
The neurohypophyseal, adrenocortical and para-
thyroid hormones, calcitonin, renin-angiotensin and
prostaglandins are nephrotropic. Renin and prosta-
glandins are unique, since they are produced in the
kidney. To understand the phylogeny of hormonal
actions on the kidney, it would be necessary to review
the actions of all these hormones. However, it is neces-
sary to limit this discussion tO angiotensin, because of
the space available and because of our own principal
interest. Phylogenetic studies on neurohypophyseal
hormones have revealed an interesting pattern of
evolution in their actions among the vertebrate classes,
as discussed by Sawyer [1]. Mineralocorticoids are
mainly nephrotropic in mammals. In nonmammalian
vertebrates adrenocortical steroids act upon a variety
of sites in addition to the kidney [2, 3]: the gill and
gastrointestinal tract in fishes, the skin and urinary
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bladder in amphibians and the nasal or salt glands in
marine reptiles and birds. Functional evolution of
adrenocortical hormones indicates that these hormones
may be concerned with sodium, potassium and water
balance by renal and extrarenal mechanisms for main-
tenance of homeostasis of the internal environment.
Comparative studies on renal actions of parathyroid
hormone, calcitonin and prostaglandins are limited.
Data are accumulating from comparative studies on
the renin-angiotensin system (RAS), but the results are
still fragmentary, especially in functional studies.
Nevertheless, it seems worthwhile to speculate on a
general line of evolution of the intrarenal function of
the RAS from the available data as a basis for further
studies.
The RAS and the juxtaglomerular apparatus (JGA).
Phylogeny of the RAS, and the JGA, the site of renin
formation and secretion, in vertebrate kidneys is
briefly described below. This subject has been consid-
ered in detail recently [4]. Renin has been found in the
kidneys of tetrapods and bony fishes (Table 1). The
RAS probably appeared first during early evolution of
bony fishes. Renin-like activity was also found in
mammalian uterus, placenta, submaxillary gland and
brain, or in teleostean corpuscles of Stannius.
The JGA in mammals has three components: juxta-
glomerular (JG) cells, macula densa (MD) and extra-
glomerular mesangium (EGM). Organization of JGA
in nonmammalian kidneys is different from that in
mammals (Table 1). JG cells are present in birds,
reptiles, amphibians and teleosts, all of which have
renin in their kidneys. Analogous cells in teleostean
aglomerular kidneys and the cell groups are also
customarily called JG cells and JGA, respectively. JG
granules are difficult to demonstrate in some bony
fishes, which possess renin in their kidneys. Holo-
cephalians have JG cells, hut their renal renin-like
activity may not be identical to that of higher verte-
brates. JG cells are located in the walls of the renal
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Renin JGC MD EGM
Mammals + + + +
Birds + + (+)b
Reptiles + + — —
Amphibians + + — —
Bony fishes
Teleost + + — —
Sarcopterygians + C
Primitive bony fishes + — —
Cartilaginous fishes
Holocephalians (+)d +
Elasmobranchs — — — —
Cyclostomes — — — —
arterial branches and of afferent or efferent arterioles
of the glomerulus. Distribution is different in the
several vertebrate classes (Fig. 1). JG cells appear to
have been located closer to the glomeruli during
evolution of tetrapods.
MD and EGM are present only in mammals. Avian
kidneys have transitional MD, but not EGM. MD and
EGM are absent in reptiles, amphibians and fishes.
JGA are classified into two main types: JGA in mam-
mals with JG cells, MD and EGM; and JGA in
reptiles, amphibians and teleosts with JG cells only.
Main Arterial Afferent Efferent
renal artery branch arteriole I arteriole
—:;=-- -=====
Glomerulus
Aglomerular fish ___________
Dipnoi
Holocephali
Fig. 1. Distribution ofjuxtaglomerular (JG) cells in vertebrate
kidneys [4].
Avian JGA is transitional in structure between that of
mammals and lower vertebrates.
Amino-acid sequences of native angiotensins. Angio-
tensin I is produced by renin, an enzyme in the kidney,
from angiotensinogen, that is the substrate in plasma.
Angiotensin I is converted to angiotensin II, which is
the active component. Hog, human and rat native
angiotensins I have the following amino-acid sequence:
Asp' -Arg2-Va13-Tyr4-11e5-His6-Pro7-Phe8-His9-Leu'°.
The same angiotensin I is produced when hog renin is
incubated with horse plasma. Asp1-Val'-angiotensin I
is formed when rabbit renin acts on ox serum [see 4].
Amino-acid sequences of other mammalian species are
not known. Two natural angiotensins 11, lIe5- and
Va!'-, exist. The synthetic angiotensins II having
L-asparagine instead of L-aspartic acid have been re-
ported to be as biologically active as the natural
angiotensin II [5].
We examined pressor peptides formed by incubating
kidney extracts with homologous plasma samples in
species representative of various nonmammalian
classes [6]. Chemical structure of angiotensin-like sub-
stances in birds, reptiles, amphibians and teleosts
must be different from mammalian angiotensins. The
criteria used for differentiation were SE-sephadex
column chromatogram, ratio of oxytocic to pressor
activity and susceptibility to carboxypeptidase A.
We identified fowl angiotensin as Asp'-Arg2-Val3-
Try4-Val'-His'-Pro7-Phe8-Ser'-Leu'° by amino-acid
analysis and by chromatography of dansylated frag-
ments of the peptide [7]. However, whether octapeptide
angiotensin II or the converting enzyme is present is as
yet unknown.
Most work has employed Asn'-Val'-angiotensin II
as angiotensin, because of its availability, on the
assumption that its biological actions may be similar
to those of the native angiotensin [see 5]. However, it
is not the native form, and its activity is not equal to
that of native forms [8].
Renal actions of exogenous angiotensin in mammals.
The renal actions of angiotensin in mammals are very
complex. Angiotensin seems to have both hemodyna-
mic and tubular actions. Available data are too con-
flicting to permit definite conclusions. These actions
comprise an area that needs a comparative study to
clarify many seemingly complex and conflicting pheno-
mena.
Exogenous angiotensin primarily acts on preglomer-
ular sites, and decreases renal blood flow (RBF) and
glomerular filtration rate (GFR) [see 9]. But the endo-
genously formed angiotensin may primarily act on
postglomerular sites, because of anatomical structure
of the JGA. Endogenous angiotensin and its action on
glomerular arterioles will be discussed later. Under
Table 1. Organization of juxtaglomerular apparatus (JGA) in
vertebrate kidneysa
Modified after Sokabe and Ogawa [4]. JGC, juxtaglomerular
cells; MD, macula densa; EGM, extraglomerular mesangium.b Transitional form.
Difficult to demonstrate in some species which possess renin.
d May not be identical with those of higher vertebrates.
Mammalia
Ayes
Reptilia
Amphibia
Teleostei
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certain experimental conditions, exogenous angio-
tensin acts mainly on the efferent arterioles. In the iso-
lated perfused rabbit kidney, for example, Va15-angio-
tensins I and II and Asn'-Va15-angiotensin II primarily
act on the efferent arterioles [10, 11].
Smaller doses of angiotensin (Asn'-Val'-angio-
tensin II in most cases) decrease urine volume (V) and
sodium excretion (UNaV), while larger doses increase V
and UNaV in rat, rabbit, dog and man [12—17]. Small
doses of angiotensin induce natriuresis and diuresis in
patients with hypertension or liver cirrhosis with
ascites [18, 19].
Antinatriuretic and antidiuretic effects ofangiotensin
are generally explained by decreased GFR [12, 14, 15,
17]. Aldosterone does not participate in this effect [17,
20]. Natriuretic and diuretic effects are due to the in-
hibition of tubular sodium reabsorption and to mini-
mum changes in GFR induced by large doses of angio-
tensin [12, 14—17]. Inhibition of sodium reabsorption
has been suggested to be due either to a direct action on
tubular epithelium or to an indirect effect through
intrarenal hemodynamic changes [15, 21]. The site of
action may be the proximal or distal tubule [21—23].
In in vitro studies, administration of Asn'-Va15-
angiotensin II (10 g/ml) stimulates active sodium
extrusion by rat kidney cortex slices [24]. This sodium
extrusion activity is not coupled with a Na-K exchange
pump. Administration of Asn1-Val'-angiotensin II
(10-6 g/ml) does not inhibit renal Na-K activated
adenosine triphosphatase [25]. Intratubular applica-
tion of a fluid containing Asn'-Va15-angiotensin
(2.5 x 10-6 g/ml) to rat proximal or distal tubule does
not change absorption rates [26]. Peritubular applica-
tion of angiotensin (2.5 x 10_6 g/ml) does not signi-
ficantly affect fluid absorption of isolated segments of
rabbit proximal tubule [27]. These in vitro findings
suggest that angiotensin does not have a direct inhibi-
ting action on sodium or fluid transport by renal
tubular epithelium. The observed tubular action of
angiotensin in vivo may therefore be due indirectly to
its hemodynamic effects.
A detailed review of renal actions of angiotensin has
been recently prepared by Gross and Möhring [28],
and should be consulted for further information.
Intrarenal actions of endogenous angiotensin in
mammals. The hypothesis that renin secreted from JG
cells forms angiotensin II locally, and that angiotensin
II constricts the afferent or efferent arterioles, has been
proposed by several investigators [29—32]. The RAS,
thus, may participate in regulation of GFR which de-
creases when the afferent arterioles are constricted and
increases when the efferent arteriolar ones are ele-
vated. The MD is thought to be a receptor site which
senses stimuli to release renin. JG cells are also con-
sidered to serve as baroreceptors. The JGA may con-
sequently be a complex unit geared to the regulation of
GFR through the RAS according to this hypothesis.
In support of this view, Schnermann et at found that
single nephron GFR was inversely correlated with dis-
tal flow rate in rats [33]. In contrast, Morgan has re-
ported that single nephron GFR is independent of the
flow or composition at the MD site [34].
Thurau et a! [35] showed that perfusion of the MD
segment of the rat kidney with solutions of high NaCI
content produced a collapse of the proximal tubule,
indicating a decrease in GFR. Renin activity of the
JGA whose MD segment was perfused with solution
of high NaCI content was increased within 20 mill [36].
The exact mechanism remains uncertain, however, be-
cause the proximal tubule may collapse as a conse-
quence of either afferent arteriolar constriction or dila-
tation of the efferent arteriole. Renin activity in a
tissue may increase either by an enhanced rate of pro-
duction (even with enhanced release) or by a decreased
release.
The hypothesis that RAS is responsible for auto-
regulation of the renal circulation or GFR has not been
proved [37—40].' Angiotensin is a vasoconstrictor.
When renal perfusion pressure is decreased to about
80 mm Hg by an aortic clamp, for example, RBF and
GFR are unchanged, and renin is released. To estab-
lish this readjustment of renal hemodynamics, preglo-
merular arteriolar resistance must decrease. To explain
autoregulation, participation of some vasodilating
factor must be assumed. Renal prostaglandins may be
such a factor [41]. Participation of the RAS in readjust-
ing postglomerular arteriolar resistance may occur to-
gether with the above-described preglomerular vascular
vasodilatation.
Activation of the RAS by hemorrhage may cause an
intrarenal blood flow redistribution. Superficial (S)
nephrons have more renin than juxtamedullary (JM)
nephrons in the rabbit [42]. Endogenous renin may
cause the shift of RBF from outer to inner cortex by
constricting the afferent arterioles more in S than JM
nephrons following hemorrhage [43]. In isolated
blood-perfused dog kidneys, however, RBF is shifted
from outer to inner cortex with depletion of angio-
tensinogen in blood, and the fractional distribution of
RBF reestablished by infusion of tetradecapeptide
angiotensinogen [44]. Exogenous Asp'-Va15-angio-
tensin II did not cause a similar shift of RBF in dogs
[44, 45], perhaps because exogenous angiotensin may
act equally on the arterioles of S and JM nephrons.'
1 Brech et a! [77) studied recently the influence of the RAS on
renal autoregulation and distribution of RBF in renin-depleted
dogs administered a high sodium diet and deoxycorticosterone.
Autoregulation was abolished, and redistribution was more
pronounced in these dogs.
266 Sokabe
In addition to its role in control of preglomerular or
postglomerular arteriolar resistance, endogenous renin
may regulate tubular functions directly by acting on
tubular epithelial cells, or indirectly through its hemo-
dynamic effects. Intrarenal actions of the RAS have
been reviewed by Brown et al [46], who have con-
sidered the effects of these actions on tubular fluid
absorption, GFR, glomerulotubular balance, and
autoregulation or distribution of RBF and GFR; and
their pathological effects on the kidney.
Renal actions of exogenous angiotensin in nonmam-
ma/ian vertebrates. Asp'-Va15-angiotensin II increased
renal sodium and water excretion in the chicken even
though GFR was reduced [47]. When angiotensin was
infused into the renal portal vein which is independent
of the glomerular circulation, its effect was more
marked on the infused side. Thus, angiotensin may in-
hibit tubular sodium reabsorption in birds.
No work has been reported on the renal effect of
angiotensin in reptiles. Several studies have been made
on amphibians. When Asn'-Va15-angiotensin II was
infused into Xenopus laevis maintained in distilled
water [48], it did not significantly alter GFR, but in-
creased urine volume and sodium excretion. Asn'-
Va15-angiotensin II infused into the renal portal vein
of the isolated kidney of Bufo paracnemis perfused with
Ringer's solution [49] produced antinatriuretic and
antidiuretic effects. The results were not consistent
among the amphibians, and further studies are neces-
sary using amphibian native angiotensin. Extrarenally,
Asn'-Va15-angiotensin II stimulated sodium transport
across the skin in Rana pipiens [50] and Bufo paracne-
mis [51, 52]. Angiotensin 11(2 x l0 to 2 x l0 g/ml)
increased water permeability of the urinary bladder in
Bufo paracnemis [53]. The effect disappeared at higher
concentration (2 x 10-6 g/ml).
In teleosts, i.v. injection of Asn'-Va15-angiotensin II
increased GFR, urine volume and sodium excretion in
Anguilla anguilla [54]. This was explained as due to the
increase in blood pressure by angiotensin; In African
lungfish, Protopterus aethiopicus, i.v. infusion of Asn1-
Val5-angiotensin 11 increased blood pressure markedly;
but GFR, urine volume and sodium excretion only
slightly [55].
GFR and the RAS in nonmammalian vertebrates. We
have proposed the hypothesis that the RAS may regu-
late GFR in nonmammalian vertebrates by constrict-
ing the efferent arterioles [56, see also 4]. Nonmam-
malian vertebrates have a simple JGA consisting of JG
cells only. A feedback mechanism controlling renin
release involving the MD does not exist. Only a feed-
forward path through JO cells is possible (Fig. 2). In
feedforward control, information for direction of the
system movement must be detected prior to action by
a controller. Feedback control depends upon informa-
tion that counters the system movement. Birds may be
renin — ang
Joc
_ —
BJGA in birds
C JGA in amphibians D JGA in teleosts
Fig. 2. Evolution of the juxtaglomerular apparatus
(JGA) and possible control paths in renin secretion
in vertebrate kidneys. See text for details. aa,
afferent arterioles; ea, efferent arterioles; JGC,
juxtaglomerular cells; MD, macula densa; RPS,
renal portal system; SN(p), sympathetic nerves
with fl-receptor mechanism; FF, feedforward path
through baroreceptor; FB, feedback path through
MD.
FF
SN (fi) MD
A JGA in mammals
renin -÷ ang
FF FF
RPS
-s
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intermediate in control of GFR by the RAS between
mammals and reptiles or the anamniotes, since birds
have a transitional MD [see 4].
In mammals three different pathways for renin re-
lease have now been recognized: baroreceptors in the
afferent arterioles, possibly at JG cells; a feedback path
through MD; and the sympathetic nerves with -
adrenergic receptors [57, see also 4]. Existence of the
baroreceptor system was once doubted [58], but recent
evidence indicates that both baroreceptor and MD
systems are operating [59, 60]. Existence of the baro-
receptor system in mammals has been predicted from
the comparative study [61], since MD does not exist in
nonmammalian kidney and only the baroreceptors at
JG cells are available for control of renin release in
these animals with the possible participation of the
sympathetic nervous system.
In mammals GFR is autoregulated and kept within
a relatively narrow range under various conditions. In
reptiles, amphibians and teleosts, GFR changes
markedly, and urine volume is almost entirely depen-
dent on GFR. Birds are intermediate among mammals
and reptiles and anamniotes in this respect.
In amphibians, renal renin activity rises in Rana
pipiens maintained in sodium-free water [62]. JG
granularity of Bufo bufo immersed in 0.7% NaCI solu-
tion for ten days decreased [63]. Immersion of frogs or
toads in saline solution probably tends to dehydrate
the animals, since movement of water across the skin
diminishes.
We deterniined plasma renin activity (PRA) in
Rana catesbeiana under various states of hydration
[64]. PRA was decreased by dehydration with decrease
in GFR, and increased by infusion of 0.6% NaCl or
2°/ glucose solution with increase in GFR (Fig. 3).
The glomerular circulation was observed directly in
frogs under urethan anesthesia. The efferent arteriole
was dilated by dehydration within 30 mm and con-
stricted by infusion of 0.6% NaCI solution within
5 mm.
In amphibians, it is possible that the RAS regulates
GFR by constricting the efferent arterioles, although
in Bufo arenarum kept in distilled water for 60 days, or
in 0.64 to 2.0% NaCl solution for 1 to 30 days, renal
renin activity changed only slightly. Peritoneal dialysis
or furosemide administration did not affect renal renin
activity either [65].
In teleosts, GFR and urine volume change in paral-
lel. They are high in fresh water and low in seawater.
Water penetrates into the body from the surrounding
fresh water, which is hyposmotic to the body fluid. The
fish has to excrete excess water, and take up sodium
from the surroundings. In hyperosmotic seawater,
body water is lost into the external milieu. The fish
(9) (6)
- o
(5)
- (7)
4
(10)
—
(12)
- (5)
(7)
must drink seawater, and excrete excess sodium
through the gills. In Cymatogaster aggregata adapted
from bay water (68 seawater) to hyposmotic en-
vironments (2 to 3.3% seawater), JG granularity de-
creased after 6 to 25 hr with gradual adaptation for
40 hr [66]. Anguilla rostrata showed decreased PRA
three days after transfer from seawater to fresh water,
but returned toward the original seawater levels after
three weeks in fresh water [67]. JG granularity in
Tilapia mossambica transferred from fresh water to sea-
water increased after three days to two weeks, but re-
turned to the normal freshwater level after four weeks
[68], although PRA was not significantly altered dur-
ing adaptation from seawater to fresh water [69].
2.0
(17) (21)
1.0•
(17)
+
(18)
60
40
20
60
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.
.
E
I - (6) (4)- (8) (6)
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Fig. 3. Effects of dehydration and overhydration on plasma renin
activity (PRA), glomerular filtration rate (GFR), urine volume (V)
and plasma sodium concentration (PNa) in unanesthetized bull-
frogs, Rana catesbeiana, weighing Ca. 300 g (64). D, dehydration
for two hours; H, normally hydrated in water; S, i.v. infusion of
4.5 to 6 ml of 0.6% NaCI solution for 10 to 30 mm; G, i.v. in-
fusion of 4.5 to 6 ml of 2% glucose solution for 10 to 30 mm.
Vertical bar represents SEM. Figures in parentheses show numbers
of frogs.
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By longer adaptation, renal renin activity in Anguilla
japonica was decreased three weeks after transfer from
fresh water to seawater [70, 71]. JG granularity also
decreased after four weeks [71]. Renal renin decreased
in Tilapia mossambica within one week after transfer
from fresh water to seawater [71]. Freshwater teleosts
usually have higher renin concentration in the kidney
than marine teleosts, although JG granularity was not
correlated with renin [see 4]. The mechanism of
changes in the RAS during longer periods of adapta-
tion may differ from that occurring during a shorter
period.
We determined PRA in Anguillajaponica transferred
from fresh water to seawater [72]. PRA was increased
for 0.5 to 8 hr after transfer to 100% seawater (Fig.4).
Renal renin activity was increased after 24 hr and de-
creased after three weeks. Upon transfer to 50% sea-
water or removal from water, PRA was unchanged or
slightly increased for 2 to 24 hr.
In teleosts, it seems that activity of the RAS may be
increased temporarily on transfer to seawater with a
decrease in GFR, and decreased after transfer to fresh
water with an increase in GFR. If the RAS controls
GFR, it must do so primarily by constricting the
afferent arterioles. Since JG cells are located in the
afferent arterioles at some distance from the glomeruli
in teleosts (see Fig. 1), it is possible that angiotensin
acts mainly on the afferent arterioles. In amphibians,
in contrast, angiotensin may act on the efferent arte-
rioles as already shown.
This possible shift of the site of action of angiotensin
from the afferent to efferent arterioles is in accord with
the suggestion of a similar shift of receptor sites for
arginine vasotocin (AVT). AVT, a neurohypophysial
hormone, has opposite effects on renal functions in
amphibians and in bony fishes, including lungfishes[1].
AVT causes glomerular diuresis in freshwater fishes
possibly by constricting the efferent arterioles, but
causes glomerular antidiuresis in amphibians by con-
stricting the afferent arterioles. AVT and angiotensin
could be two essential factors in regulation of GFR in
amphibians and bony fishes, participating in osmoreg-
ulation of body fluid. However, their sites of action
seem to have been changed with emergence of verte-
brates onto land.
Intrarenal conversion of angiotensin I to II at the
glomerulus has been suggested [73—75]. If this conver-
sion system was created in the course of amphibian
emergence, it must have been a useful development,
teleologically speaking, and may explain why such a
complex system exists in the mammalian RAS. How-
ever, no work has been done on nonmammalian con-
verting enzyme systems.
In reptiles and birds, no work has been done on the
relationship between GFR and the RAS. From the
studies on renal effects of exogenous angiotensin, a
physiological role of angiotensin on the kidney of
birds and mammals may be inhibition of tubular
sodium reabsorption by either an indirect mechanism
through its hemodynamic actions or a direct action on
tubular epithelium. Antidiuretic hormone (ADH) has
acquired tubular action in higher vertebrates [I].
Angiotensin may also have assumed a tubular action
in addition to its glomerular action. It is interesting
that ADH and angiotensin seem to compete not only
in their glomerular but also in their tubular activity
(Table 2).
Aldosterone-stimulating action of angiotensin. Angio-
tensin stimulates aldosterone secretion from zona
400-
(4) IOO% SW
(17) 1 )
-
(40) (8) (8 (7)
300
200
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20
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(10) (7) 212-
(45) (11 (17) 1 (5) (8)
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-
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-
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(49)
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Fig. 4. Effects of transfer of Japanese eels, Anguillajaponica,from
fresh water to 1OO% sea water (SW) on plasma renin activity
(PRA), kidney renin activity (KRA), glomerular filtration rate
(GFR), urine volume (V) and plasma sodium concentration (PN)
(72). Time after the transfer is on the abscissa with the control
values in fresh water (C). Vertical bar represents SEM, Figures in
parentheses show numbers of eels. PRA and KRA are given as
percent changes from control, since the control values in five
different series varied widely.
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Table 2. Phylogeny of antidiuretic hormone (ADH) and anglo-
tensin action on the kidney
ADH Endogenous
angiotensin
Mammals Tubular antidiuresis Tubular diuresis
Glomerular?
Birds Tubular antidiuresis
Glomerular anti-
diuresis
Tubular diuresis
Glomerular?
Reptiles Glomerular anti-
diuresis
Tubular antidiuresis
Glomerular?
Tubular?
Amphibians
Anurans Glomerular anti-
diuresis
Tubular antidiuresis
Glomerular diuresis
Tubular?
Urodeles Glomerular anti-
diuresis
Freshwater Glomerular diuresis Glomerular anti-
fishes diuresis
glomerulosa of the adrenal cortex in mammals. Thus,
the RAS is able to have an indirect renal action
through aldosterone action. Much evidence supports
the role of the RAS as an aldosterone-stimulating
factor, but recent findings suggest that the RAS is not
the sole aldosterone-stimulating hormone and that
factors other than the RAS are involved in the control
of aldosterone secretion in mammals [see 4, 76].
Among nonmammalian vertebrates, the role of the
RAS as an aldosterone-stimulating factor seems to be
questionable [see 4 for details]. The existence in birds
of aldosterone-stimulating action by the RAS has
been denied. The results were variable among reptilian
species. Only conflicting results have been obtained in
amphibians. Aldosterone is not consistently present in
teleosts, and may not be of physiological significance.
Certainly, angiotensin cannot regulate aldosterone
secretion in teleosts.
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